Introduction
============

Before the introduction of radiographic cephalometry by Broadbent \[[@B1]\], anthropologists had measured and recorded craniofacial structures using direct craniometric techniques. The introduction of the new x-ray technique by Broadbent \[[@B1]\] led to cephalometry being traditionally performed by using a standardized lateral and posteroanterior cephalogram \[[@B2]\]. Cephalometric analyses have been used for preoperative surgery planning, intraoperative surgery guidance, posttreatment follow-up, as well as archeological and anthropological studies \[[@B3][@B4]\].

One of the most widely recognized intracranial landmarks in cephalometric research is the Frankfort horizontal plane, that was first introduced by Ihering in 1872 and established at an anthropological conference in Frankfort (or Frankfurt), Germany in 1884 in the so-called Frankfort Agreement \[[@B5]\]. It was defined as the plane passing through three points: the left orbitale and both porion points. The orbitale is the lowest point of the lower margin of the orbit, and the right and left porions are the uppermost points of the roof of each external acoustic opening. This plane has become accepted as the most reliable standard plane for use in craniofacial studies and orthodontics. In addition, the Frankfort horizontal plane is considered as the most representative of the true horizontal plane when the patient\'s head is in a natural position \[[@B6]\].

Cephalometric analysis is traditionally performed on two-dimensional (2D) radiographs obtained in posterior-anterior and lateral views. Although such plain radiographs have been widely used, they have inherent drawbacks since they provide only the 2D geometry of a three-dimensional (3D) anatomical structure. The associated limitations including magnification, distortion, and overlapping of anatomical structures lead to problems of accuracy, reliability, and reproducibility of landmark identification \[[@B7]\]. 3D cephalometric analysis using computed tomography (CT) has been introduced to replace 2D analysis with the aim of overcoming the aforementioned shortcomings and obtain more accurate cephalometric measurements \[[@B2][@B8][@B9]\]. Some studies have demonstrated the reproducibility and reliability of landmark identification of the porion and orbitale in 3D cephalometric analysis \[[@B10][@B11][@B12]\]. However, although the Frankfort line is the most commonly accepted reference line for use in cephalometric analysis, there have been a few attempts to propose novel landmarks aimed at overcoming the difficulties of identifying the intracranial landmark points used to define the Frankfort line \[[@B5][@B13]\]. In addition, there may be a situation that the traditional Frankfort line cannot be used when there is a missing part of the skull or the porion of the temporal bone is fractured.

In this study we propose a new landmark, the external occipital protuberance, as a more easily identifiable external bony landmark and a relatively strong structure as a substitute for the porion. The purpose of this investigation was to determine the reproducibility of the orbito-occipital line as a novel reference line and measure the angle between this novel line and the standard Frankfort horizontal line. We further propose using the orbito-occipital line as an alternative line to the Frankfort horizontal line.

Materials and Methods
=====================

Facial CT images were retrospectively selected from patients hospitalized in the Department of Plastic Surgery at Konkuk University Chungju Hospital. We only included patients aged from 21 to 30 years to exclude aged bones since the skull may change or have deformation with aging process. Furthermore, subjects with a history of facial bone fracture or facial bone surgery were also excluded. The final sample of this study comprised 170 Korean adults (100 males and 70 females) aged 21--30 years, with a mean age of 25.1 years ([Table 1](#T1){ref-type="table"}). The present study was approved by the Ethics Committee of Konkuk University Chungju Hospital for data collection (approval No. KUCH 2018-04-013), and it was performed in accordance with the principles outlined in the Declaration of Helsinki.

Facial CT scans of the samples were obtained in transverse views with a slice thickness of 1 mm (Hispeed G; GE Healthcare, Niskayuna, NY, USA). These CT images were used to produce a 3D volumetric rendering of the skull using OnDemand software (Cybermed, Seoul, Korea). After 3D reconstruction, two observers indicated the positions of the landmarks twice. One of the observers was taking a master\'s degree course and the other was a master\'s degree candidate in the Department of Anatomy at Konkuk University. Detailed instructions for landmark identification were given to the two observers by the principal investigator prior to them making their observations.

Four landmark points were identified in the 3D reconstructed image, and so two lines were created. The orbitomeatal line (the Frankfort line) was created using the orbitale and porion on each side. The new landmark of the external occipital protuberance was chosen. We used the highest point of the external occipital protuberance, otherwise known as the inion. The orbito-occipital line was drawn passing through the inion and each orbitale ([Fig. 1](#F1){ref-type="fig"}), and the angle between the orbito-occipital line and the Frankfort horizontal line was measured.

The intraobserver and interobserver reproducibilities of the angle measurements as well as side-related and sex-related differences were determined using *t*-test. All data analysis was performed using IBM SPSS Statistics for Windows, Version 24.0 (IBM Co., Armonk, NY, USA). The cutoff for statistical significance was set at *P*\<0.05.

Results
=======

The angle between the Frankfort line and the orbitooccipital line is summarized in [Table 2](#T2){ref-type="table"} according to sex and side. The overall angle between the two lines was −0.5°±2.2° (mean±standard deviation). The negative mean value means that the porion is located under the orbito-occipital line. Four datasets were acquired by two observers. Intraobserver and interobserver agreement of the four datasets were analyzed and there was no statistically significant intrapersonal or interpersonal bias (*P*\>0.05). The angle did not differ with sex or side (*P*\>0.05).

The distribution of the angle between the Frankfort line and the orbito-occipital line is presented in [Table 3](#T3){ref-type="table"} and [Fig. 2](#F2){ref-type="fig"}. The angle was between −1° and 1° in 37.1% of cases and between −3° and 3° in 83.0%. Photographic examples of negative, average, and positive angles are shown in [Fig. 3](#F3){ref-type="fig"}.

Discussion
==========

A reliable reference landmark is an essential component of cephalometric analyses for orthodontic diagnosis, treatment planning, posttreatment evaluation, and anthropological studies. Many reference planes have been used, including the Frankfort horizontal plane, mid-sagittal plane, sellanasion plane, and facial plane \[[@B14]\]. Most of these planes are defined based on intracranial anatomical points, and the Frankfort horizontal plane has been the most widely used standard horizontal plane for reflecting the natural head position \[[@B4]\]. However, the reliability and reproducibility of this plane have been questioned in several studies \[[@B4][@B15]\], with some authors pointing out that the intracranial landmarks for defining the Frankfort horizontal plane (especially the porion) are difficult to identify. Possible errors in identifying the porion due to considerable variations in the position and inclination of the external acoustic meatus and in the size of the external acoustic orifice have been reported \[[@B13]\]. Ludlow et al. \[[@B16]\] compared the accuracy of cephalometric landmark identification in conventional lateral views and cone-beam CT, and reported that the precision of the porion position was worse in multiplanar reconstructed images than for other landmarks. Hassan et al. \[[@B17]\] also pointed out that the porion was the most imprecise landmark because of the curvature of the external acoustic meatus leading to difficulty in identifying the most-superior point of the external acoustic orifice. This prompted Pittayapat et al. \[[@B5]\] to suggest using the internal acoustic foramen as an alternative to replace the porion; those authors demonstrated that the angle between the Frankfort plane and a new plane connecting each orbitale and the mid-internal acoustic foramen was less than 1°. We have introduced the external occipital protuberance for the first time in this study as a new landmark to replace the porion.

The external occipital protuberance has been frequently discussed in anthropology, and has commonly been used in human sexual dimorphism studies \[[@B18][@B19][@B20]\]. The external occipital protuberance was chosen as a novel landmark in the present study since it is an external bony landmark that provides good visualization and reproducibility. We used the highest point of the external occipital protuberance that is also referred to as the inion and the line passing through the inion and each orbitale was drawn. This study found that the angle between the orbito-occipital line and the Frankfort horizontal line was less than 1° on average, which would not be clinically significant, and ranged from only −3° to 3° in 83.0% of cases. This means that the line passing through the external occipital protuberance and each orbitale is almost parallel to the traditional Frankfort line, and so it can be applied in both clinical and anthropological studies. The orbito-occipital line could be especially useful in cases of temporal bone fracture when the porion cannot be used as a landmark for the Frankfort line. Moreover, in anthropological and archeological studies, the orbito-occipital line can at least supplement the use of the Frankfort horizontal line when part of the skull is fractured or missing, because the external occipital protuberance is a relatively strong structure.

Cephalometric analysis was conventionally performed using 2D radiographs, but it has been moving toward utilizing 3D imaging modalities such as cone-beam CT in order to achieve accurate and reproducible cephalometric measurements \[[@B16][@B21][@B22]\]. Hassan et al. \[[@B17]\] showed that adding multiplanar reconstructed images to a 3D surface model the increased intraobserver and interobserver agreements and the accuracy of identifying landmarks \[[@B17]\]. In recent studies, automatic cephalometric landmark plotting using multiplanar reconstructed images was proposed to replace manual landmark identification for improving the accuracy and reliability \[[@B22][@B23][@B24]\]. Using the external occipital protuberance as an easily identifiable alternative to the porion is expected to be useful in computerized automatic plotting as well, although this needs to be confirmed in future studies involving larger samples.

The samples in this retrospective study did not represent people of all ages since they were selected from the facial CT scans of patients ranged from 21 to 30 years only. However, because many bony landmarks including the external occipital protuberance can be deformed during the aging process, the results obtained in the present study might be more accurate and reliable due to the inclusion of young subjects only. However, further research including elderly bones will be needed to confirm that this novel landmark can be applied to aged people as well. Another limitation of this study is that we used the orbito-meatal and orbito-occipital lines instead of planes in the 3D analysis. However, radiography is still the gold standard in cephalometric analysis for clinical use despite the increasing use of CT. We considered that using lines instead of planes was more convenient and easier for application and lines could be representative of planes if it there were no significant asymmetry. Furthermore, we evaluated both sides of the orbito-meatal and orbito-occipital lines and measured the angle between the two lines on each side.

In conclusion, the Frankfort line is commonly used as a standard horizontal line for cephalometric analysis in orthodontics and anthropological studies. The present study investigated the potential of using a new landmark, the external occipital protuberance, to replace the porion. The novel horizontal orbito-occipital line shows good reproducibility and so has potential to substitute or at least supplement the standard Frankfort horizontal line in anthropological studies and certain clinical applications.
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###### Subject distribution
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  Sex       Number   Mean age
  --------- -------- ----------
  Male      100      25.1
  Female    70       24.6
  Overall   170      24.9

###### Angle between Frankfort line and orbito-occipital line

![](acb-53-21-i002)

  Sex       Right (°)   Left (°)   Overall (°)
  --------- ----------- ---------- -------------
  Male      −0.4±2.2    −0.5±2.4   −0.5±2.3
  Female    −0.6±2.0    −0.5±2.0   −0.5±2.1
  Overall   −0.5±2.1    −0.5±2.3   −0.5±2.2

###### Distribution of angle between Frankfort line and orbito-occipital line

![](acb-53-21-i003)

  Range (°)   Female (n=140)   Male (n=200)   Overall (n=340)
  ----------- ---------------- -------------- -----------------
  \<−3        15 (10.7)        31 (15.5)      46 (13.5)
  −3\~−1      42 (30.0)        43 (21.5)      85 (25.0)
  −1\~1       53 (37.9)        73 (36.5)      126 (37.1)
  1\~3        25 (17.9)        46 (23.0)      71 (20.9)
  \>3         5 (3.6)          7 (3.5)        12 (3.5)

Values are presented as number (%).
